Introduction
with ∆t = t i+1 − t i = 1 h the time resolution of the solar wind data. Each instant findings [e.g., Gosling et al., 1972; McPherron and Weygand, 2006; Denton et al., 2009] .
231
Figure 1d displays the AE index, which is a proxy for substorm activity [Iyemori, 1990] .
232
Substorm activity starts to increase very close to the determined onset time of the events in 233 each case. It is interesting to note that AE starts to increase well before the solar wind veloc-234 ity has reached a high value, which indicates that the SIR is geoeffective. Figure 1e the ICME events that were identified as SIR/HSSs by our algorithm with steps 1-3, before 264 they were removed based on criterion 4, and blue bars show the remaining ICME events. The are interacting with a simultaneously occurring ICME event near the ecliptic plane [see, e.g., phase (red), maximum (green), early declining phase (blue), and late declining phase (black).
342
The selected time limits for the phases are given in Table 1 . The criterion used to separate 343 the rising, maximum and declining phases was that, for both cycles 23 and 24, the double 344 peak of the monthly sunspot number be included in the maximum phase. The motivation for 345 subdividing the declining phase of solar cycles into early and late parts was to obtain solar 346 cycle divisions of roughly similar durations, and to reveal potential differences within the 347 declining phase itself.
348
While it is well-known that high-speed streams are frequent during the declining phases given in the bottom-right-hand corner of the panel.
415
Out of these eight panels, the highest median velocities take place during the late de- considered, the peak occurrence for SC22 is centered at 3.5 cm −3 and for SC23 at 2.5 cm −3 .
465
Obviously the rarefaction regions of HSSs dominate in the overall OMNI data. and Lepping [1977] showed that SIRs often amplify Alfvén waves propagating away from 503 the Sun, which cause the IMF B z component to alternate between northward and south-504 ward and therefore produce intermittent substorm activity while the SIR passes by Earth.
505
Alfvén waves are also often present throughout the fast streams, which are also geoeffective. produce intense geomagnetic storms (Dst < −100 nT) [Richardson et al., 2006] . However,
516
HSSs are quite effective in producing substorms, and these events are called HILDCAA
517
(high-intensity long-duration auroral activity) by Tsurutani et al. [2006] . It was found by
518
Hajra et al. [2013] that HILDCAAs are on average 20% longer during the declining phase 519 than during the rising and maximum phases. Figure 11 shows indeed that during the declin-520 ing phases the AE index is still elevated on day 5. In addition, the maximum AE values are 521 higher during the early declining phases of SC23 and SC24 than during the other phases.
522
Again, the top-row panels of Figures 11 and 12 exhibit a more intense response than 523 the bottom-row panels, underlining that geomagnetic activity related to SIR/HSSs signifi-
524
cantly decreased between the early and late declining phases of SC23. Within a given solar 525 cycle, the rising and maximum phases are those with lowest geomagnetic activity during 526 SIR/HSS events, whereas the early and late declining phases exhibit stronger activity. 
